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Abstract 
This paper presents new authentic probability problems especially on permutation and combination concepts. The research study 
was conducted in 2008–2010 to develop the authentic problems and to investigate whether three newly developed probability 
instructional units can enhance high school students’ conceptual understanding of and achievements in permutations and 
combinations. The three instructional units were the nontraditional word problem instructional unit, the sport problem 
instructional unit, and the probabilistic game instructional unit. The emphasis was on real-life word problems or unusual word 
problems, popular-sport problems or sport situations, and new probabilistic games in order to teach probability concepts. The 
findings from the research study provoked the researcher to present mathematics teachers with the high school probability 
problems effective in teaching permutations and combinations in probability lessons by selecting the most effective, most 
interesting, and most appropriate authentic problems from the three instructional units in the research study. 
© 2012 Published by Elsevier Ltd. Selection and peer review under the responsibility of Prof. Dr. Ferhan Odabaşı 
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1. Introduction 
The difficulty of high school students in learning combination and permutation concepts is a crucial problem in 
probability lessons (Ben-Hur, 2006; Fischbein, 1975; Jones, 2005; Lee, 2006; Papaieronymou, 2006; Pittman, 
Koellner, & Brendefur, 2007). Many research studies (Bay-Williams & Martinie, 2004; Brown, Wilson, & Fitzallen, 
2007; Cochran, 2005; Colburn, n.d.; Fan & Zhu, 2008; Kahan & Wyberg, 2003) indicated that formal mathematical 
presentations without having gone through sufficient real-life situations in normal mathematics class were not 
enough to support students in learning probability clearly. Besides, some of the common textbook problems are 
difficult to grasp and not interesting to students, being more of math teasers rather than based on real-life situations 
(Albert, 2002; Baker, 2003; Batanero, Godino, & Roa, 2004; Busadee, Laosinchai, & Panijpan, 2011; Cochran, 
2005; Krulik, Rudnick, & Milou, 2002). 
Busadee, Panijpan, Laosinchai, and Ruenwongsa (2010) conducted a research study in 2008–2010 to develop 
new authentic problems and investigate whether three newly developed probability instructional units can enhance 
high school students’ conceptual understanding of and achievements in permutations and combinations. The three 
developed instructional units were created for teaching probability concepts. The emphasis was on real-life or 
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unusual word problems, popular sport problems or sport situations, and new probabilistic games. The findings from 
the research study showed that the developed authentic problems could be used to enhance students’ achievements 
and conceptual understanding. The results indicated that those problems could be efficient tools for teaching 
permutations and combinations. Besides, the students showed a positive attitude toward learning through authentic 
problems. 
This paper selects some of the most effective, most interesting, and most appropriate authentic problems from the 
three instructional units in Busadee et al.’s (2010) research study. These authentic problems were selected in order 
to form a set of effective problems for teaching a probability course in high school. 
2.  From Busadee et al. (2010) 
2.1. Three instructional units in permutations and combinations 
Three inquiry-based instructional units on permutations and combinations conceived by the researchers consisted 
of three different types of mathematical problems. The instructional units were (i) the nontraditional word problem 
unit (NTU), (ii) the sport problem unit (SU), and (iii) the probabilistic game unit (GU). 
2.2. Effects of the three teaching units 
2.2.1. Effects of the three teaching units on students’ achievement 
The data from a pilot study in two classrooms indicated that the city students responded so enthusiastically to the 
sport problems and probabilistic games that there were huge percentage gains (data not shown). 
The results from the research study showed that the students participated in NTU outperformed all others in the 
post-test, comprehensive test, and retention test (see Table 1 and Table 2). The data from the examinations in the 
previous semester indicated that the students in all three classes had different mathematics scores (NTU>SU>GU). 
However, the lowest score of the students participated in SU in the comprehensive test and retention test indicated 
that teaching with sport problems could provide rural students with enough concepts to do the post-test but not for 
the more complex problems in the comprehensive test. 
 
Table 1. Pretest and posttest mean scores (±SE), and normalized gains (<g>) of students in the three learning units. 
 
Group N Pretest (20 pts) Posttest (20pts) <g> 
NTU 40 3.44 ± 0.65 18.51 ± 0.36 0.9100 
SU 30 3.57 ± 0.71 18.00 ± 0.56 0.8783 
GU 40 3.69 ± 0.70 15.63 ± 0.89 0.7321 
 
Table 2. Comparison of mean scores (±SE) between the comprehensive test and retention test 
 
Group Comprehensive Test (20 pts) Retention Test (20 pts) 
NTU 16.96 ± 0.33 14.83 ± 0.60 
SU 13.89 ± 0.54 10.69 ± 0.93 
GU 16.03 ± 0.49 11.41 ± 0.84 
2.2.2. Effects of the three teaching units on students’ perception 
The results from the 7-point rating scale [-3,3] illustrated that all groups of students were highly satisfied with 
their instructional units. They agreed that the unit helped them develop conceptual understanding of permutations 
and combinations (see Table 3). 
 
Table 3. Scores of students’ satisfaction and self-assessed understanding 
 
Questionnaire [-3,3] NTU SU GU 
Satisfaction 1.90 1.68 1.89 
Self-assessed understanding 1.88 1.23 1.36 
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3. Authentic problems for teaching probability concepts 
To gradually enhance students’ conceptual understanding of probability, the sequence of the authentic problems 
that should be employed and the questions that should be used for guiding students are specified as follows. 
Problem1: Icosahedron Game 
Three icosahedrons (20-face dice) are composed of a score 1, 10, or 100 on each face as shown below: 
 
 
 
Figure 1. 3 icosahedrons (20-face dice) composed of scores 1, 10, and 100 in the icosahedron game 
 
Question: Which icosahedron offers the best chance to get the highest sum from rolling the dice 10 times? 
Problem 2: Soccer I 
In the English Premier League, 3 points are awarded to the winner of each match, 0 points to the loser, and 1 
point to both teams in case of a draw. Teams are ranked according to the total number of points accumulated. If a 
soccer team, e.g., Manchester United, has played 35 matches and obtained 81 points, what are the possible results 
that the team could have had at this stage of the competition (win, draw, loss)? [Answer: 5 possibilities (23–27 wins, 
the remaining points should come from draws)] 
Problem 3: Track Relay 
If a national team coach can select only 4 runners for a 4×100 relay team and there are 5 runners (A, B, C, D, E) 
to choose from, how many different teams are possible (a) when order does not matter, and (b) when order does 
matter? 
Problem 4: Triplet-Code Problem 
DNAs are composed of 4 bases, i.e., A, T, G, and C. Three-letter encoding from these four bases (A, T, G, and C) 
can yield an amino acid which is part of the proteins in a cell. Find the number of possible arrangements of three-
letter encoding out of 4 bases (if each letter can be repeated). 
Problem 5: Sentence-Maker Problem 
Arrange all these English words into a sentence that has meaning. 
HOME  WANT  I TO GO DO 
Question: What is the probability of getting a meaningful sentence provided that the words are arranged 
randomly? 
Problem 6: Wheel Game (Show only 1 game out of 5 games) 
 
   
 
Figure 2. 3 sets of 2 probability wheels 
 
Situation: After spinning both wheels in each set, divide the left wheel by the right wheel. 
Question: Which set yields the highest probability that the result is equal to zero? 
0 + 
0 
+ 
+ 0 
0 
+ 
0 + 
0 
+ 
+ 0 
0 
+ 
0 + 
+ 
+ 
0 + 
+ 
0 
0 + 
+ 
+ 
0 + 
+ 
0 
+ +
0 
+
00
0
0
+ + 
0
+ 
0 0
0 
0 
2046   Nutjira Busadee and Parames Laosinchai /  Procedia - Social and Behavioral Sciences  93 ( 2013 )  2043 – 2047 
Problem 7: Soccer II 
The final score of a soccer match was 3:2. Find all possible scoring sequences that may have happened 
during the match if either team can be the winner. 
Problem 8: Random Number Game 
 
 
Figure 3. 5 sets of 4 number cards 
 
Game rules: 
1. Divide students into groups of five. The five students randomly arrange the order of play. 
2. Each student selects one set of 4 number cards. 
3. Each student makes a 4-digit number by randomly picking one card at a time from the set of 4 numbers and 
placing it starting from the most and progressing to the least significant digits. A zero cannot be at the thousands 
digit. 
4. The student who gets the highest number is rewarded 1 point. 
5. The winner of this game is the student who has the highest points after playing 24 times (with the same set). In 
case of a tie, those who tie have to continue playing until the winner is found. 
Question: Which set of 4 number cards offers the best chance of winning this game? 
Problem 9: Number-Guessing Game 
This Game uses the same 5 sets of 4 number cards from the random number game. 
Game rules: 
1. Divide students into groups of five. The five students randomly arrange the order of play. 
2. Each student selects one set of 4 number cards. 
3. Each student creates a secret 4-digit number from the set: A zero cannot be at the thousands digit. 
4. Each student selects one of the others to guess his/her secret number. The guesser gets one point if the guess is 
correct. 
5. If the first guess is wrong, the owner has to reveal the thousands digit. Afterwards, the guesser just makes 
another guess until it is correct. 
6. Continue playing until all secret numbers are exposed. 
Question: Which set of 4 number cards is the most difficult to guess the secret number? 
Problem 10: Palindrome Problem 
 
 
 
Figure 4. 4 Sets of 8 number cards 
 
Situation: Arrange the number cards in each set into a palindrome (1 card – 8 cards). 
Question: How many possible palindromes are there in each set? 
Problem 11: Genome Problem 
Nowadays, we know that an organism’s genome contains the same genes with the same order. But in the past, 
many scientists found that, for example, the genome consists of A, B, C, D, and E genes in different orders: 
A B C D E B C D E A C D E A B D E A B C E A B C D 
Questions: What’s wrong with their discovery? Why do the 5 orders (above) comprise the same genome? 
2 3 4 1 1 2 6 0 2 1 2 5 0 4 4 1 2 3 3 2 
1 2 3 5 6 7 4 8 
7 7 7 7 7 7 7 7 
1 1 5 5 5 9 5 9 
3 3 4 7 7 4 8 8 
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Problem 12: Golf Problem 
In a golf game called the Match Play, one of the two players can win, draw, or lose a hole for each of the 18 
holes. The match can be won or lost before the 18th hole depending on the number of wins, draws, and losses during 
play and the number of holes remaining to be played. For example a 3-and-2 score means a 3-hole lead with 2 holes 
remaining and a 1-and-0 score means a 1-hole lead after the final hole. A drawn match is also possible. 
Question: If Tiger Woods played Phil Mickelson in a Match Play event, what possible scores can occur? List 
them all. 
4. Conclusion 
The students need more relevant real-life problems to stimulate them to learn and to retain the knowledge. 
Having to go through problems requiring slow accounting of events also encourages the students to feel that 
probability is not all mathematical formalism. The authentic problems are relevant to everyday life and yet the 
intrinsic concepts are simple and familiar enough to be grasped quickly. 
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